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ABSTRACT 

We present the results of a search for new members of the Taurus star-forming region using data 
from the Spitzer Space Telescope and the XMM-Newton Observatory. We have obtained optical and 
near-infrared spectra of 44 sources that exhibit red Spitzer colors that are indicative of stars with 
circumstellar disks and 51 candidate young stars that were identified by Scelsi and coworkers using 
XMM-Newton. We also performed spectroscopy on four possible companions to members of Taurus 
that were reported by Kraus and Hillenbrand. Through these spectra, we have demonstrated the youth 
and membership of 41 sources, 10 of which were independently confirmed as young stars by Scelsi and 
coworkers. Five of the new Taurus members are likely to be brown dwarfs based on their late spectral 
types (>M6). One of the brown dwarfs has a spectral type of L0, making it the first known L-type 
member of Taurus and the least massive known member of the region (M ~ 4-7 Mj up ). Another 
brown dwarf exhibits a flat infrared spectral energy distribution, which indicates that it could be in 
the protostellar class I stage (star+disk+envelope) . Upon inspection of archival images from various 
observatories, we find that one of the new young stars has a large edge-on disk (r = 2'.'5 = 350 AU). 
The scattered light from this disk has undergone significant variability on a time scale of days in 
optical images from the Canada- France-Hawaii Telescope. Using the updated census of Taurus, we 
have measured the initial mass function for the fields observed by XMM-Newton. The resulting mass 
function is similar to previous ones that we have reported for Taurus, showing a surplus of stars 
at spectral types of K7-M1 (0.6-0.8 M@) relative to other nearby star-forming regions like IC 348, 
Chamaeleon I, and the Orion Nebula Cluster. 

Subject headings: accretion, accretion disks — planetary systems: protoplanetary disks — stars: for- 
mation — stars: low-mass, brown dwarfs — stars: luminosity function, mass func- 
tion 
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1. INTRODUCTION 

The Taurus complex of dark clouds is one of the best 
sites for studying the formation of stars in a quiescent, 
relatively isolated environment. It is among the nearest 
star-forming regions (d — 140 pc) and exhibits a very low 
stellar density (n ~ 1-10 pc~ 3 ). Although the individ- 
ual clouds are sparsely populated, the cloud complex as a 
whole contains more than 300 known members. Working 
toward a complete census of Taurus is important for the 
identification of rare objects (e.g., edge-on disks, transi- 
tional disks, protostars) as well as the statistical char- 
acterization of the stellar population (e.g., disk fraction, 
initial mass function, spatial distribution). A variety of 
methods have been employed in su rveys for new mem- 
bers of Taurus (jKenvon et al.ll2008f ). Two of these tech- 
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niques, mid-infrared (IR) imaging and X-ray imaging, are 
highly complementary. Mid-IR observations can identify 
stars that have circumstellar disks and can penetrate the 
high levels of extinction that surround stars at the earli- 
est evolutionary stages while X-ray data can uncover the 
diskless members of a young stellar population. 
Because of their excellent sensitivi ties and large fields 



of view, the Spitzer Space Telescope ( W erner et al. 



2004) 



and the XMM-Newton Observatory (jJansen et al.ll2001h 
are the best available telescopes for wide-field imag- 
ing surveys at mid-IR and X-ray wavelengths, respec- 
tively. The unique capabilities of these facilities have 
been applied to the Taurus star-forming region through 
the Taurus Spitzer Legacy Survey (D. Padgett, in 
preparation) and the XMM-Newton Exte nded Survey 
of th e Taurus Molecu l ar Cl o ud (X EST, iGudel et all 
2007). iLutiman et alJ (|2006l . l2009a[ ) and IScelsi et all 
(2007, 2008) have used the data from these surveys to 
search for new members of Taurus. We have continued 
those efforts by performing spectroscopy on IR sources 
that we have identified in th e Spitzer images an d X-ray 
sources that were reported by IScelsi et al.l (|2007[ ). In this 
paper, we describe the selection of these candidate mem- 
bers of Taurus (§[2|) and measure their spectral types with 
optical and IR spectra (§[3])- We then characterize the 
stellar parameters of the new members and discuss other 
notable properties of these objects (§H]). Finally, we use 
our updated census of the stellar population in Taurus to 
measure the initial mass function (IMF) within the fields 
observed by XEST (§[5). 
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2. SELECTION OF CANDIDATE MEMBERS OF TAURUS 

For the IR selection of candidate members of Tau- 
rus, we used images at 3.6, 4.5, 5.8, and 8.0 /im ob- 
tained with Spit zer's Infrared Array Camera (IRAC; 
iFazio et al.l 120041 ) and images at 24 /im obtained with 
the Multiband Im aging Photometer for Spitzer (MIPS; 
iRieke et al.l I2004D . We considered all observations of 
this kind that have been performed in Taurus, many 
of which were collected through the Spitzer Legacy pro- 
gram of D. Padgett. These images of Taurus encompass 
a total area of 46 deg 2 . The characteristics of the in- 
di vidual IRAC and MIPS observations are summarized 
bv lLuhman et alj (|2009bft . who present a compilation of 
3.6-24 /im Spitzer photometry for all known members 
of Taurus. To identify candidate members of Taurus, we 
searched the Spitzer images for stars exhibiting red IRAC 
colors that are indicative of excess emission from circum- 
stellar disks and envelopes. The reduction and analysis 
methods were the same as those em ployed in our previ- 
ous s urveys of star-forming regions (|Luhman fc Muenchl 
120081 references therein). In addition to sources with 
IRAC excesses, we also inspected the data for stars with 
excess emission at 24 /xm but not in the IRAC bands, 
which is a signature of a disk with an inner hole. We 
selected 44 of the resulting candidates for followup spec- 
troscopy to determine whether they are members of Tau- 
rus. Two of these sources, FU Tau A and B, we re re- 
ported in a separate study (jLuhman et al.l [2009a). Be- 
cause the secondary is too close to the primary for the 
measurement of IRAC photometry through our auto- 
mated procedures, it was not identified as a candidate 
based on its IRAC colors. Instead, FU Tau B was se- 
lected for spectroscopy because of its close proximity to 
FU Tau A. Nevertheless, we count the former among the 
IR candidates for the purposes of this study. Through 
the spectroscopic observations described in the next sec- 
tion, we find that 24 of the 44 candidates are members 
of Taurus. One of these new members was detected by 
XMM-Newton (XEST 26-071) but wa s not recognized a s 
a candidate member with those data (|Scelsi et al.| [2007). 

We have included in our spectroscopic sample candi- 
date members of Taurus that have been found through 
X-ray observations by the XMM-New ton Observatory. 
The XEST program (jGudel et al.ll2007D obtained images 
of 19 fields in Taurus with XMM-Newton and utilized 
archival data for seven additional fields (one of which 
was observed twice). The boundaries of the XEST im- 
ages are indicated on the map of the Taurus cloud com- 
plex in Figure [TJ These fields are primarily located in 
the densest stellar aggregates and encompass a to tal area 
of 5 deg 2 . Using these data, IScelsi et ail (|2007f ) identi- 
fied 57 possible members of Taurus. One of these can- 
didates, XEST 13-0 10, was reported as a member by 
iLuhman et~aH (|2006[ ) while another candidate, XEST 06- 
045, is a galaxy according to images from the Digi- 
tized Sky Survey (DSS). We excluded from considera- 
tion four candidates that are far from the Taurus clouds 
(a < 4 hours). We selected the remaining 51 candidates 
for spectroscopy, 16 of which are classified as members 
of Taurus in the next section. 

In addition to the IR and X-ray candidates, we have 
performed spectroscopy on four p ossible companions to 
known members of Taurus from iKraus & Hillen brand! 



(2007), one of which is classified as a Taurus member 
through our spectroscopy. We also observed a previ- 
ously known but widely overlooked member, LH 0429+17 
(|Reid fc Hawlevi H9991 so that we could measure its 
spectral type with the same classification methods that 
we have been applied to the other late-type members of 
Taurus. 

3. SPECTROSCOPY OF CANDIDATES 
3.1. Spectral Classification 

We performed optical and near-IR spectroscopy on the 
100 targets selected in the previous section using a vari- 
ety of instruments and telescopes. The dates, telescopes, 
and instrument configurations for these observations are 
summarized in Table [TJ We examined these data for 
signatures of youth that indicate membership in Tau- 
rus, as done in our previous studies of this kind (e.g., 
ILuhman] l2004af ). In addition, we considered other di- 
agnostics of_jnemb^ralupwdien available, such as proper 
motions (jLuhman et al.ll2009al §IA"|). Through this anal- 
ysis, we classified 42 of the 100 targets in our spectro- 
scopic sample as members of Taurus. The evidence of 
youth and membership for these sources is compiled in 
Table [2J The 58 nonmembers are listed in Table [31 

Most of the members of Taurus in our sample exhibit 
late-type (>M0) features in their spectra (H2O, TiO, 
VO). To measure spectral types for these sources, we 
have compared their spectra to previous data that we 
have collected for kno wn members of T a urus a nd other 
star-forming regions (|Luhmanl [2004ilkl . 12001 , which 
were originally classified at optical wavelengths through 
comp arison to averages of dwarfs and giants ([Luhmanl 
[19991) . One new member, 2MASS J04373705+2331080 
(hereafter 2M 0437+2331), is later than all previously 
known members of Taurus (<M9.5). We classified 
this object through a co mparison to standard L dwarfs 
(|Kirkpatrick et afll 19991) and young L dwarf s in the field 
(t ~ 10-100 Myr, iKirkpatrick etafl 12001 iCruz et all 
2009), arriving at a spectral type of L0 (see Figured]). 
The one new member with a K-type spec trum, HQ Tau, 
was classified with dwarf standards ([Allen &: Stroml 
1995). We could not measure a spectral type for one of 
the new members, 2MASS J04293209+2430597, because 
photospheric features are not detected in its spectrum. 
Our spectral classifications for the Taurus members are 
provided in Table O The spectra are shown in order of 
spectral type in Figures [3j[5] The highest resolution data 
are presented in Figure [6] for the wavelength range en- 
compassing Ha and Li I. The equivalent widths of Li I 
from these spectra are given in Table [4j The positions of 
the 41 new members (excluding LH 0429+17) are plotted 
on the map of Taurus in Figure [TJ 

Among the nonmembers, we cl assified field stars 
with standard dwarfs and giants dHenrv et al.l Jl994t 
lKirkpatjick"eT^[l99l[ fl997t iCushing et al.l l2005fT and 
we identified galaxies based on the presence of redshifted 
emission lines. The classifications of the nonmembers are 
f ound in Tabl e P 

IScelsi et"al"1 (|2008l ) obtained optical spectra of 25 of 
the ca ndidate members of Taurus from the XEST pro- 
gram (jScelsi et al.l l2007h . They classified 10 candidates 
as young stars and 12 candidates as nonmembers. We 
observed 20 of these 22 sourc es; our membershi p clas- 
sifications agree with those of IScelsi et al.1 ([2008) in all 
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cases. The membership of the rem aining 3 candidate s 
was uncertain based on the data from lScelsi et al.l (|2008h . 
We find that two of these objects are foreground dwarfs 
(XEST 08-014, XEST 15-034) while the other candidate 
is a Taurus member (XEST 20-071). Our sp ectral types 
are sy stematically later than those from IScelsi et al.1 
(2008) by a few subclasses for sources in common be- 
tween the two studies. 



3.2. Comments on Individual Sources 

Several of our targets have displayed evidence of mem- 
bership in Taurus in previous studies, although they 
lacked spectroscopic classifications. The previous ob- 
servations of one of these objec t s, FU Tau, are de- 
scribe d in detail bv lLuhman et al] ()2009a( ). iTorres et al.l 
(19951) identified 2MASS J04455134+1555367 as a pos- 
sible young star based on mid-IR photometry from 
the Infrared Astronomical Satellite (IRAS) 7 . They de- 
tected emission in Ha and He I and absorption i n Li I 
through followup spectroscopy. iJones fc Herbid (|1979f ) 
found that the proper motion of HQ Tau is consis- 
tent with membership in Taurus. Mid-IR excess emis- 
sion also wa s detected toward this star in photometry 
from IR AS dH arris et ail |1988[) and a spectru m from 
Spitzer (jFurlan et al.ll2006fUKenvon et aLl(|1994h identi- 
fied V409 Tau and IRAS 04125+2902 as candidate mem- 
bers of Taurus based on IRAS data. They classified the 
latter as a galaxy through near-IR images or optical spec- 
troscopy, but it is an M-type star according to our spec- 
troscopy (see Figure El). 

We now discuss the stars in our sample that 
have uncertain classifications. Our spectrum of 
2MASS J04293209+2430597 does not show any absorp- 
tion or emission lines that would demonstrate that it is a 
young star. However, its very red, featureless spectrum 
and mid-IR excess emission are consistent with a pro- 
tostar. Given its close proximity to a dark cloud and 
other known members of Taurus, we tentatively clas- 
sify it as a member. Based on its strong Ha emis- 
sion [WA(Ha) = 58 ± 1 A] and mid-IR excess emis- 
sion, 2MASS J04124858+2749563 is clearly a young star. 
However, it is much fainter than members of Taurus near 
its spectral type a nd its proper motion is inconsistent 
with m embership (|Monet et al.l 120031 : fZacharia s et al.l 
I2004bl §[£}. Therefore, 2MASS J04124858+2749563 is 
probably a background star (albeit a young one). Our 
IR spectrum of 2MASS J04345973+2807017 is better 
matched by dwarf standards, but it does not have a 
sufficient signal-to-noise ratio to rule out youth. This 
star is anomalously faint for a Taurus member and 
is far from known members of the region, which sug- 
gest that it is a background star. Stars with edge-on 
disks also appear very faint for their spectral types. 
2MASS J04345973+2807017 does appear to have ex- 
cess emission at 8 fim that indicates the presence of 
a disk, but its large distance from known members 
of Taurus tends to support a classification as a back- 
ground star. Finally, the proper motion of the A-type 
star 2MASS J04180338+2440096 is inconsistent with 

7 2MASS J04455134+1555367 and its 20" companion HD 30171 
were unresolved in the IRAS data. Images at higher resolution 
from Spitzer demonstrate that 2MASS J04455134+15 55367 was 
the source of the IRAS emission l ILuhman et a l. 2009b). 



membership in Taurus (Hog et al.|[2000t IZacharias et al.1 
l2004bHR5ser et al.ll2008l SlAf. but it exhibits mid-IR ex- 
cesses of 0.2 and 3 mag at 8 and 24 ^m, respectively. It 
is probably a field star with a debris disk. 

4. PROPERTIES OF NEW MEMBERS 

4.1. Temperatures and Luminosities 

We have estimated the effective temperatures and 
bolometric luminosities of the Taurus members in our 
spectroscopic sample so that we can place them on the 
Hertzsprung-Russell (H-R) diagram. During spectral 
classification, we measured extinctions fr om the slopes of 
most of our optical and near-IR spectra (|Luhmanl [2004a. 
[2003). We could not use the MRS spectra for this pur- 
pose because they were obtained through fibers rather 
than slits aligned at the parallactic angle, making the 
data susceptible to differential refraction and the spec- 
tral slopes unreliable. For the MRS targets, we computed 
extinctions from J — H an d H — K s in the manner de- 
scribed by iLuhmanl (|2004 a). We estimated luminosities 
by combining the extinctions with J-band photometry 
from the Point Sour ce Catalog of the Tw o-Micron All- 
Sky Su rvey C2MASS:ISkrutskie et al.ll200^), a distance of 
140 pc (IWichmann et a l. 1998; L oinard et aTll2005l [20071 : 
ITorres et al.ll2007l l2009f) . a nd th e bolometric corrections 
used by ILuhmanl (|2004al l2007f ). The luminosities of 
2MASS J04194657+2712552 (hereafter 2M 0419+2712) 
and FU Tau B are based on H and K s , respectively, 
since reliable J-band measurements are unavailable. We 
have converted our spectral types to e ffective temper- 
atures wit h the temperature scal es from Schmid t-Kalerl 
(|1982ft and lLuhman et all (l2003bD for < M0 and >M0, re- 
spectively. As done bv lLuhman et al.1 (|2008l ). we adopt a 
temperature of 2200 K for L0. The extinctions, effective 
temperatures, and bolometric luminosities are presented 
in Table [2] We cannot measure these parameters for 
2MASS J04293209+2430597 because it lacks a spectral 
classification. 

For comparison to the new Taurus members on the 
H-R diagram, we have compiled temperatures and lumi- 
nosities for previously known members (§ |Aj). We ex- 
clude members that are anomalously faint for their spec- 
tral types because their luminosity estimates are prob- 
ably unreliable. We treat multiple systems that are 
unresolved by 2MASS as single objects. We adopt ex- 
tinctions that have been derived from our previous op- 
tical and near- I R spectroscopy (TLuhman et al.l [2003a; 
ILuhmanl l2004d 120061 : iLuhman et all l2006h and addi- 
tional unpublished 0.8-2.5 /im spectra obtained with 
SpeX. For members that lack spectroscopic data of this 
kind, we estimate extinctions from J—H and H—K s . Lu- 
minosities are based on measurements of J from 2MASS 
when available. We adopt J from multiplicity surveys for 
a few systems that are marginally resolved by 2MASS. 

Our luminosity estimates for the new members 
XEST 11-078, 2MASS J04202583+2819237, 2MASS 
J04333905+2227207, and 2MASS J04202144+2813491 
would place these stars well below the sequence of 
known Taurus members in an H-R diagram, which 
suggests that they may be seen in scattered light. 
Indeed, we demonstrate in the next section that 
2MASS J04202144+2813491 has an edge-on disk. Be- 
cause our calculated luminosities for these objects are 
probably not reliable, we do not report these estimates 
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in Tableland do not plot these stars on the H-R diagram 
in Figure [7] 

The temperatures and luminosities of the new and pre- 
viously known members of Taurus (except for sublumi- 
nous sources) are plotted on an H-R diagram in Figure [7] 
with the predictions of theoretical evolu tionary models 
(|Baraffe et al.lfl998t IChabrier et al.ll2000h . LH 0429+17 
is included among the previously known members in Fig- 
ure [7J A few of the new members have distinctive posi- 
tions in the H-R diagram. FU Tau A and 2M 0419+2712 
are the brightest known members of Taurus near their 
spectral types. T he overluminous natur e of the former 
was discussed bv iLuhman et al.l (|2009aft . The high lu- 
minosity of 2M 0419+2712 is consistent with the very 
early evolutionary stage that is implied by the shape of 
its spectral energy distribution (§ |4.2.2[) . Meanwhile, the 
temperature and luminosity of the coolest known mem- 
ber of Taurus, 2M 0437+2331, correspond to an age of 
100 Myr according to the evolutionary models, which 
is much older than expected for a member of Taurus. 
Stars with edge-on disks and nonmembers can appear to 
have very low luminosities on the H-R diagram. How- 
ever, a disk does not appear to be present (§ I4.2.1j) and 
the strengths of the gravity-sensitive lines of this ob- 
ject provide strong evidence of youth. Instead, the old 
isochronal age for this object is likely a reflection of errors 
in the adopted temperature scale and evolutionary mod- 
els. This conclusion is based on the cluster sequence for 
Chamaeleon I, which falls along o lder model isochrone s 
at spectral types later than M8 (|Luhman et al.ll2008ft . 
In fact, the position of the coolest known member of 
Chamaeleon I on the H-R diagram is very similar to that 
of 2M 0437+2331. Thus, the luminosity of the latter is 
not anomalous when compared to other young late-type 
objects. If we estimate the ma ss of 2M 0437+ 2 331 b ased 
on its luminosity as done by ILuhman et al.l (|2008ft for 
the coolest member of Chamaeleon I, then we arrive at a 
value of 4-7 Mj up for an assumed age range of 1-3 Myr. 

4.2. Disks 

We can use the extensive mid-IR images of Taurus 
from Spitzer to determine whether the new Taurus mem- 
bers have circumstellar disks. Photometry from IRAC 
(3.6-8.0 /xm) and MIPS (24 / im) for the new members is 
presented bv ILuhman et al.l (|2009bl ). who measured pho- 
tometry for all known members of Taurus that appear 
within Spitzer images of the region. IRAC and MIPS 
data for the nonmembers in our spectroscopic sample 
are provided in Tab les [3 and El respectivel y. Using the 
Spitzer photometry, ILuhman et alj (|2009bft have classi- 
fied each member of Taurus as class I, II, or III, which 
follows the standard classification scheme for the spec- 
tral e nergy distributions (SEDs) of young stars (jLadal 
[1981 . The 41 new members in our spectroscopic sample 
were identified as candidates through data from Spitzer 
(24), XMM-Newton (16), and a companion survey (1). 
Although the Spitzer members were selected based on 
red mid-IR colors, one of these sources (2M 0437+2331) 
does not show evidence of a disk upon closer examina- 
tion of its colors later in this section. All of the X- 
ray members have been observed by IRAC and MIPS, 
but these data are not yet publicly available for one ob- 
ject, XEST 06-006. XEST 11-078 and XEST 26-062 are 
class I and class II, respectively, while the remaining 13 



X-ray sources are class III. The candidate companion 
2MASS J04414565+2301580 is class III as well. In the 
remainder of this section, we discuss in detail the evi- 
dence of disks for a few of the new members that are 
particularly notable. 

4.2.1. L-type Brown Dwarf: No Disk 

2M 0437+2331 is the coolest known member of Tau- 
rus and may be one of the least massive known brown 
dwarfs. It was selected for spectroscopy based on red 
IRAC colors that suggested the presence of a disk (it was 
not detected by MIPS). To reliably determine whether 
2M 0437+2331 does indeed have a disk, we must com- 
pare its colors to those of stellar photospheres. For these 
comparison sources, we select all known late-type mem- 
bers of Taurus and young late-M and L dwarfs in the 
solar neig hborhood ([Kirkpatrick et al.ll2006t IC ruz et al.l 
I2009D that have been observed by IRAC. The IRAC data 
for the Taurus members are taken from ILuhman et al.l 
(2009bf). We have measured photometry for young field 
dwarfs observed in Spitzer programs 284 (K. Cruz) and 
30540 (J. Houck) with the same methods that were em- 
ployed for the Taurus data. These data are presented 
in Table [3 We show [3.6] - [5.8] and [3.6] - [8.0] versus 
spectral type for 2M 0437+2331, other Taurus members, 
and the young field dwarfs in Figure [5J These data form 
two distinct groups, a narrow sequence of stellar pho- 
tospheres and a broader distribution of redder sources 
that have disks. 2M 0437+2331 is only slightly redder 
than the photospheric sequences (~ 0.2 mag) and does 
not exhibit color excesses as large as those found among 
the Taurus members that have disks (~ 0.5 — 1.5 mag). 
Thus, we do not find significant evidence of a disk for 
this object. As demonstrated in Figure the photo- 
spheric IRAC colors become redder from M to L types 
among young objects, which explains why 2M 0437+2331 
was identified as a possible disk-bearing object through 
our IRAC color criteria. Because young stars and brown 
dwarfs that lack I RAC excesses rarely exhibit evidence 
of iicnvt ion in fin (Moh.mtv el ;+ 201)"): Muzevnllc i t aLl 



20031 120051: IHartmann et all l2005bt iGuieu et al.l 1200 



Luhman et 311 12006. 2008), the Ha emission in the spec- 



trum of 2M 0437+2331 probably arises from the stellar 
chromosphere rather than accretion. 

4.2.2. Candidate Class I Brown Dwarf 

The IR spectrum of 2M 0419+2712 has strong H 2 
absorption and is highly reddened (Aj = 7.6), mak- 
ing it the most heavily obscured late-type member of 
Taurus found to date. To further investigate the na- 
ture of this object, we have constructed its SED in Fig- 
ure M with photometry from 2MASS, IRAC, and MIPS 
and our near-IR spectrum, which was flux-calibrated 
with the 2MASS data. The Taurus member KPNO 5 
is similar to 2M 0419+2712 in spe ctral type and does 
not have mid-IR exces s emission (iBriceno et al.1 120021 : 
IHartmann et all l2005bl : ILuhman et all l2006ft . There- 
fore, we include the SED of KPNO 5 in Figure [5] as an 
estimate of the stellar photosphere of 2M 0419+2712. 
The S EP of KPNO 5 co nsists of data from 2MASS, 
SpeX (pMuench et all 12007ft . and Spitzer (|Luhman et all 
2009b) and has been reddened by Aj — 7.3 to match 
the reddening of 2M 0419+2712 (K PNO 5 has A. T ~ 
0.3). We use the reddening laws from lRieke fc Lebofskvl 
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(|1985h and iFlahertv et "all (|2007t ). As shown in Fig- 
ure El 2M 0419+2712 exhibits significant excess emis- 
sion relative to KPNO 5 beyond 3 /mi. The SED of 
2M 0419+2712 is roughly flat from 2-24 /zm, which is sug- 
gestive of an evolved class I source (star+disk+envelope) 
or a very young class II object (star+disk). Thus, 
2M 0419+2712 may offer a rare opportunity for study- 
ing a brown dwarf in the protostellar phase. A defini- 
tive classification of the evolutionary stage of this object 
will requi re additional observ ations, such as mid-IR spec- 
troscopy (jFurlan et al.ll2008t) . 

4.2.3. Candidate Transitional Disk 

Most of the candidate members that we identified 
with Spitzer photometry have red colors in all available 
bands beyond 3 fim. However, one of the confirmed 
members from that sample, IRAS 04125+2902, is red 
only at 24 /im. To illustrate the distinctive colors of 
this star, we compare its SED to the average SED of 
early-M d iskless stars in Chamaeleon I and Taurus in 
Figure M (|Luhman et all 120081 . l2009bf l. The data for 
IRAS 04125+2902 agree well the photospheric SED in 
the 2MASS and IRAC bands, but they show significant 
excess emission at 24 /xm. An SED of this kind indi- 
cates the presence of a disk w ith an inner hole, which 
is known as a transit ional disk (|Calvet et al.ll200"2l 120051 : 
iD'Alessio et al.ll2005l) . Mid-IR spectroscopy and millime- 
ter imaging of this disk are ne eded for a detailed cha r- 
acterization of the inner hole (lEspaillat et all l2007aHbl ; 
Furlan et al1l2007t iBrown et al.ll2008l ; iDutrev et al.ll2008l ; 
Hughes et al.ll2007L l2009t )~ 

4.2.4. Edge-on Disk 

As noted in the previous section, a few of the 
new Taurus members are much fainter at optical 
and near-IR wavelengths than most other members 
with similar spectral types, indicating that they may 
have edge-on disks. We have investigated this pos- 
sibility by inspecting images of these stars that are 
available in the data archives of various observato- 
ries and wide-field surveys. In optical images from 
MegaPrime/MegaCam at the Canada- France-Hawaii 
Telescope (CFHT), 2MASS J04202144+2813491 does in- 
deed exhibit a clear signature of an edge-on disk in the 
form of two lobes of extended emission that are sepa- 
rated by a dark lane, as shown in Figure [TOl The radius 
of the disk is 2'.' 5, corresponding to 350 AU at the dis- 
tance of Taurus. After comparing CFHT images that 
were collected on different nights, we find that the scat- 
tered light from the disk experienced significant variabil- 
ity over a period of a few days (see Figure [10|) . Sim- 
ilar variabilit y has been detected in the scattered light 
from HH 30 ((Burrows et al.lll996t IWatson fc Stapelfeldtl 
[200l . The discovery of 2MASS J04202144+2813491 il- 
lustrates the utility of Spitzer imaging for finding edge- 
on disks, which can be o verlooked through other ty pes of 
surveys for young stars (jLuhman &: Muench¥ 2008). 

4.3. Companions 

A few of the new Taurus members have 
candidate companions at wide separations. 
2MASS J04414565+2301580 is located 12" from 
the known member 2MASS J04414489+2301513 



(M8.5 iLuhman] |2006[) and was identifie d as a possi- 
ble companion bv iKraus fc Hillenbrand! l|2007h . We 
have confirmed its youth and membership in Taurus 
through spectroscopy. Our spectral classification of 
M4-M5 for 2MASS J04414565+2301580 is consis- 
tent with that expected for a coeval companion to 
2MASS J0 4414489+2301 5 13 bas ed on the evolutionary 
models of Baraf fe~et al.l ([1998). While performing 
spectroscopy on FU Tau, we noticed a fainter object at a 
separation of 5.7", which we confirmed spectroscopically 
as a young brown d warf. We discussed thi s pair in detail 
in a separate study (jLuhman et al.ll2009al ). 

By inspecting images of the remaining new members, 
we have identified two additional candidate companions. 
The new member IRAS 04125+2902 is 4" from a source 
that is ~ 2 mag fainter and is detected by DSS, 2MASS, 
and IRAC. This candidate, 2MASS J04154269+2909558, 
does not exhibit mid-IR excess emission in the IRAC 
data, indicating that it is a class III source if it is a 
member of Taurus. The second candidate companion, 
2MASS J04355949+2238291, is 10" from XEST 09-042. 
Although it has red mid-IR colors, it is probably a galaxy 
rather than a young star based on the shape of its SED. 

5. INITIAL MASS FUNCTION 

We wish to use our updated census of Taurus to esti- 
mate the IMF in this region. The completeness of the 
current census is a function of several parameters, in- 
cluding stellar mass, location, SED class, and extinction. 
Therefore, we must carefully define the sample of mem- 
bers for inclusion in the IMF so that it is representa- 
tive of the stellar population in Taurus. We begin by 
considering members of Taurus that are located within 
the areas observed by XEST, which are shown in Fig- 
ure [1] We select the XEST fields because they encom- 
pass a large number of members and are almost entirely 
covered by deep im aging at optical and IR wavelengths 
as well as in X-rays (Bri ceno et alJl2002t : lLuhmarJ l2004d 
120061 ILuhman et alj 120061 : iGuieu et al.ll2006l ). To eval- 
uate the completeness of the census of Taurus within 
these fields, we first examine the completeness of XEST. 
In Figure [TTJ we plot the distributions of spectral types 
for all known members of Taurus within the XEST im- 
ages and for the members detected in those data. Sepa- 
rate histograms are shown for cl asses I, II, and I I I, wher e 
the SED classifications are from ILuhman et all (|2009bf) . 
We omit secondaries that are unresolved by XEST. An 
additional 16 members are absent from Figure [Tl] be- 
cause they lack accurate spectral types, five of which 
were detected by XEST. All of these unclassified stars 
have class I SEDs. Only 15 of the 31 class I sources within 
the XEST fields have spectral classifications and thus are 
present in Figure QT] According to Figure ITTT the com- 
pleteness of XEST decreases for lower stellar masses and 
earlier SED classes, which is a reflection of the fact that 
X-ra y emission is correlated with both of these proper- 
ties jTelleschi et al.ll2007t IPrisinzano et al.ll2008h . XEST 
is nearly 100% complete for class III membe rs earlier 
than M6 (M ~ 0.1 M ). iGrosso et all (|2007h reported 
that XEST detected 8 of 16 members later than M6 that 
are within those images. Using our updated census of 
Taurus and the spectral types that we have measured in 
this work and in previous studies, we find that the XEST 
detection fraction is 7/17 for types later than M6. 
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Optical and IR surveys for new members of Taurus 
have complemented XEST in terms of completeness. Im- 
ages from Spitzer have covered ^92% of the XEST fields 
(|Luhman et al.ll2009bf h The current census for that por- 
tion of the XEST fields is nearly complete for class I 
and II stars and for class II brown dwarfs down to 
~ 0.02 M(T) according to Spitzer surveys for new members 
(jLuhman et al.l [20061 this work). The completeness for 
class I brown dwarfs is unknown because of contamina- 
tion o f the Spitzer images by red galaxies ([Luhman et al.l 
120061) . The remaining ~ 8% of the XEST fields that lacks 
Spitzer images does not encompass any known mem- 
bers or dark clouds, and thus probably does not con- 
tain a significant number of undiscovered class I and II 
sources. Meanwhile, the XEST fields have been fully cov- 
ered at optical and near-IR wavelengths by either deep 
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wide-field imaging ([Briceno et all 120021 : 
iGuieu et al.1 l2006h or all-sky catalogs (jLuhman 



20043 
2001 . 



which have produced a high level of completeness for 
classes II and III between 0.1-0.02 Mq within an extinc- 
tion range that encompasses most mem bers (Ay < 4; 
lLuhmanll2004cl [200l IGuieu et al.ll2006h . Thus, the X- 
ray, optical, and IR studies have produced a census of 
Taurus members within the areas covered by XEST that 
should be complete down to masses of ~ 0.02 Mq for 
classes II and III. 

As done for the H-R diagram in § 14.11 we treat mul- 
tiple systems that are unresolved by 2MASS as single 
sources when constructing the IMF for the XEST fields. 
We exclude class I sources, stars that lack accurate spec- 
tral classifications (most of which are class I), and ob- 
jects that are probably seen in scattered light based 
on their unusually low luminosity estimates. The re- 
sulting mass function consists of primaries and widely 
separated secondaries, as in our previous measure- 
ments of IMFs in Taurus and other star-formin g re- 
gions (|Luhman et al.ll2003bl ; ILuhmanl l2004cl [2001 . We 
have estimated the masses for the Taurus members in 
the IMF sample from their positions on the H-R di- 
agram in Figu re [7] by using the t heore tical evolution- 
ary m odels of iBaraffe et al.l (|1998l ) an d iChabrier et aLl 
(2000) for M/Mq < 1 and the models of lPalla fe Stahler! 
1999) for M/Mq > 1. The IMF for the XEST fields 



is presented in Figure [T^] in logarithmic units where 
the Salpeter slope is a = 1.35. It exhibits a maxi- 
mum near 0.8 Mq and declines steadily to lower masses 
(a = —0.44), and thus closely resembles the IMFs that 
we have previously r eported for Taurus (|Briceno et al.l 
20021 ILuhmanl l2004d\ In comparison, the mass func- 
tions of ot her nearby star-forming regions peak at 
0.1-0. 2 Mn (lHillenbrandll997tlHillenbrand fe Carpenter! 
20001 iMuench et all l2002t 120031: iLuhman et alj l2003bt 
Luhman 2007). This variation in the IMF is illustrated 



in Figure [TJl where we include mass functions for IC 348 
and Chamaeleon I that were deriv ed in the same manner 
as our measur ement for Taurus (|Luhman et alj l2003bl ; 
ILuhmanl l2007h . The surplus of stars near 0.8 Mq (K7- 
Ml) in Taurus relative to those two clusters is also ap- 
parent in the distributions of spectral types for the IMF 
samples in Figure [T3j Based on a two-sided Kolmogorov- 
Smirnov test, the probability that the sample for Tau- 
rus was drawn from the same mass distribution as ei- 
ther IC 348 or Chamaeleon I is ~ 0.04%. Possible ex- 
planations for the distinctive shape of the IMF in Tau- 



rus have been discussed in previous studies and gen- 
erally invohre_a_liigheravera£e_ J ]ea^ 
gion (iBriceno et alJl2(jo3 ILuhman et al |l2003bl : ILuhmanl 
12004c): iGoodwin et al.ll2004l : lLada et al.M2008f ). 

Finally, we comment briefly on another young popula- 
tion in which an unusual IMF has been reported. By con- 
structing an IMF from all known members of the r> Cha 
association (iMamaiek et al.1 1 19991: lLawson et al.1 120021: 



Lvo et all 12004 ISong et all I2004J: ILuhman fc Steeg h 



20041) . ILvo et al.l (|2004L I2006D found that -q Cha 



hibits a deficit of 20-29 low-mass stars and brown dwarfs 
(0.025-0.15 Mq) relati ve to the solar neighb orhood and 
other young clusters. iMoraux et al.l (|2007D attempted 
to provide a theoretical explanation for the apparently 
unusual IMF in this association. However, through 
a survey of r\ Cha that was c omplete t o 0.015 Mq 8 , 
ILuhman fc Steeghsl (|2004l ) and ILuhmanl (|2004bD con- 
cluded that a significant paucity of low-mass objects is 
not present. To further explore this issue, we have con- 
structed an IMF and a distribution of spectral types for 
all known members of r/ Cha, which are included in Fig- 
ures [12] and [T3l respectively. A two-sided Kolmogorov- 
Smirnov test indicates a probability of ~ 10% that the 
members of 7/ Cha are drawn from the same mass dis- 
tribution as either IC 348 or Chamaeleon I, which does 
not represent a significant difference. Thus, the IMF in 
rj Cha is consistent with the mass functions in IC 348 
and Chamaeleon I. 

6. CONCLUSIONS 

We have presented a survey for new members of the 
Taurus star-forming region in which we obtained spec- 
tra of candidate members appearing in images from 
the Spitzer Space Telescope (46 deg 2 ) and the XMM- 
Newton Observatory (5 deg 2 ). Using the mid-IR data 
from Spitzer, we identified 44 sources that could be young 
stars with disks, 24 of which were confirmed as members 
by our spectroscopy. We also performed spectroscopy on 
51 candidates detected in X-rays by the XEST program 
(|Giidel et al.ll2007HScelsi et al.ll2007l) . demonstrating the 
youth and membership of 16 sources. Ten of these new 
X-ray members were independentl y confirmed through 
spectroscopy by iScelsi et al.l (|2008|) . In addition, to the 
sources from Spitzer and XMM-Newton, we observed four 
candidate com panions to known members of Taurus that 
were found bv lKraus fc Hillenbrand (2007) through anal- 
ysis of 2MASS data, one of which we have classified as a 
young star. 

Our survey has uncovered several rare types of sources 
that are valuable for studies of various aspects of star and 
planet formation. They consist o f a wide binary brow n 
dwarf that is forming in isolation ([Luhman et al.l l2009a) , 
the first known L-type member of Taurus (M ~ 4- 
7 Mj up ), a highly reddened brown dwarf that may be in 



8 ILvo et alj ll2006h and IMoraux et"aLl 112001 ) incorrectly 
quoted a completeness l imit of 0.025 Mq fo r the surveys by 
ILuhman fc S tccghs (2004T) and [Luhman (2004b), which employed 
photometry from DENIS and 2MASS. ILvo et al l {20061) suggested 
that the completeness limit from those surveys were determined 
by their shallowest data, which consisted of the optical photome- 
try from DENIS. However, any objects above 0.015 Mq that were 
absent from t he optical data would have app eared in t he IR dia- 
grams used by Luhman & Stccghs (2004) and Luhman (2004b) for 
selecting candidate members. Thus, the completeness limit was 
0.015 Mq. 
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the class I stage (star+disk+envelope), a disk that ap- 
pears to have an inner hole (i.e., transitional disk), and 
a large edge-on d isk (r = 2'/ 5 = 350 AU). Th e compan- 
ion identified by iKraus fc"Tl illcnbrand (2007) also may 
comprise the primary in wide, low-mass binary system 
(M4.5+M8.5, a = 12" = 1700 AU). Meanwhile, the 
Spitzer and XMM-Newton data in conjunction with pre- 
vious optical and near-IR surveys provide relatively well- 
defined completeness limits for the current census of Tau- 
rus, enabling a better characterization of the stellar pop- 
ulation. For instance, we have estimated the IMF within 
the fields observed by XEST, arriving at a distribution 
that reaches a maximum near 0.8 M@, which agrees with 
our previous measurements for Taurus. Thus, the IMF 
in Taurus continues to appear anomalous compared to 
other nearby star- forming clusters, which peak at 0.1- 
0.2 Mq. The disk fraction in the XEST fields and the 
sp atial distribution of th e SED classes are investigated 
bv lLuhman et alj (|2009bf) . 

The completeness of the census of Taurus remains 
poorly determined among class I sources at low masses 
and class III sources outside of the XEST fields, which 
focused on the denser stellar aggregates. Future surveys 
can address these shortcomings through spectroscopy of 
red, faint sources detected by Spitzer and measurements 
of variability and proper motions with wide-field, multi- 
epoch imaging (e.g., Panoramic Survey Telescope and 
Rapid Response System, Large Synoptic Survey Tele- 
scope). 
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APPENDIX 

ADOPTED CENSUS AND KINEMATICS OF TAURUS 

Our analysis of the IMF in Taurus required a census of all known members of the region. While constructing this 
census, we have made use of proper motion measurements when they are available. For a star whose membership 
is uncertain, we have compared its proper motion to that of the nearest group of known members. In Table [8l we 
present the median proper motions of 11 groups in Taurus based on stars from our adopted census and proper motions 
measurements from a v ariety of sources (lHarris et all 119991: iHflg et all 120001: lHamblv et all 120011: lHanson et al.lf 2004; 
Zacharias et al.ll2004all bl: [Ducourant et al. 2005; L oinard et al .1120071 : Ivan Leeuwenll2007l : [Roser et alj|2008t [Torres et all 
20071 l2009f ). Our adopted boundaries for these groups and the median motions are shown on a map of Taurus in 
Figure 1141 

We describe our ado pted census o f know n members of Taurus in terms of modifications to the compilation of 
members presented by Ke nvon et al.l (|2008f ) in a review of this star-forming region. We begin by identifying the 
sources from that list that we have excluded as members. The proper motions of HBC 351 (fi a ,ns = +18.5 ± 2.0, 
-49.2 ±2.0 mas yr" 1 ), HBC 35 2 (+6 + 1, -9 + 1 mas yr " 1 ), HBC 353 (+7 ±8, -12 ±2 mas yr^ 1 ), and HBC 356/357 
(—1 ± 5, —9 ± 5 mas yr -1 ) from Zachari as et al.l (|2004al fbl) differ significantly from those of the nearest Taurus groups 
in Table [8] The available proper motion mea surements for HBC 354 and HBC 355, which are separated by 6" , also 
are inconsistent with membership in Taurus (jZacharias et all l2004at iDucourant et al.l 120051 : 1 Roser eTaT]l200l . We 
provided some of the new members reported in this work to lKenvon et al.l (|2008f) for inclusion in their list of members, 
including 2MASS J04345973+2807017 and 2MASS J04124858+2749563. However, upon closer examination of these 
two stars, we have concluded that they are probably not members of Taurus (§ 13. 2| . Our spectroscopy indicates that 
IRAS 04428+2403 is a galaxy. No evidence of membership has been presented for V410 Anon 20 and V410 Anon 24. 
They are fainter than other Taurus members near their spectral ty pes, suggesting that they are background sta rs. 
CIDA-13 and St34 have been classified as probable foreground stars (jMuzerolle et al.ll2003t iHartmann et al.ll2005al ). 

In addition to the members compiled bv lKenyon et alT(|2008l ). we have included in our census the new members pre- 
sented in Table [Has well as 2MASS J04162725+2053091, 2MASS J04270739+2215037, 2MASS J04344544+2308027, 
2MASS J04381630+2326402, 2MASS J04385859+2336351, 2MASS J04385871+2323595, 2MASS J04390163+2336029, 
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2MASS J04390637+2334179 (iSlesnick et all l200H. 2 MASS J04295422+1754041, 2MASS J0426305 5+2443558 
(ILuhmanl l2(M). IR AS 04325+2402C (lHartmann etall [i~999]l IRAS 04111+2800G dPrusti et alJ I1992T). L1521F- 
IRS dBourke et all f2006h. IRAM 04191 +1522 (lAndre et"all fl999l) . IRAS 04278+ 2253 B (iWhite fc Hillenbrand! 
[200l . LH 0429+17~ (|Harris et all fl999l iReid fc Haw levl I1999D, an d HP 28867 (I Walter et all I2003D . 2MASS 
J04333278+1800436 was identified as a possible member of Taurus bv lWalter et al.l (|2003h based on its close proxim- 
ity t o HP 28867. We add it to our census since it exhibits mid-IR excess emission that indicates the presence of a 
disk (jLuhman et al.ll2009bf) . The proper motions of HP 30171 (+ 12.1 ± 1.1,-17.7 ± 1.1 mas yr"\ lH0g et all 1200(1 
and MWC 480 (+5.5 ± 1.1,-25.4 ± 1.1 mas yr" -1 . lH0g et all feOOO) are similar to those of the nearest Taurus groups 
(Table [H]), supporting their membership in Taurus. 

We have found a few other differences between our census and that of iKenvqn et al.l (120081) . Th e coordinates 
that we retrieved from the 2MASS Point Source Catalog differ from those in IKenvon etal! (|200l by 2 - 22" 
for IRAS 04016+2610, HBC 412, IRAS 04370+ 2559, MHO 9 CIPA-1 2, and IRAS 04191+1523. Our adopted 
2MASS c ounterparts fo r these stars are given in iLuhman et all (j2009bH IRAS 04181+2655 appears in the cen- 
sus from IKenvon et all (|2008l) , but it is a blend of three other stars in that list, 2MASS J04210795+2702204, 
2MASS J04211038+2701372, and 2MASS J04211146+270109 4 and thus does not require a separate entry. Simi- 
larly, IRAS 04263+2426 and GV Tau are listed separ ately by | Kenvon et aL (2008) even though they represent the 
same star. The coordinates for IRAS 04166+2706 in IKenvon et all (|2008h apply to IRAS 04166+2708. We have 
measured coordinates of a = 4 h 19 m 42.5 s , 5 = 27°13'36.7" (J2000) for the true coun t erpar t to IRAS 04166+2706 
using images fr om Spitzer. The mis identification for IRAS 04166+2706 in IKenvon et al.l (|2008l) probably orig inated in 
ILuhmanl (2006) and lLuhman et all (j2006) . Our adopted list of Taurus members is provided in lLuhman et al.1 (|2009bh . 

By combining our membership list with previous astrometric and kinematic measurements for these stars, we 
can constrain both the radial velocities and three-dimensional velo cities of the Taurus gr o ups in Table [8] For 
each group, we have calculated the median radial velocity of stars (lAppenzeller et all 119881: IBarbier-Brossat et all 
1994; IBarbier-Brossat fc Figonll2000t iFinkenzeller fe Jankovicslll984l: iGahm et all 119991; lHartmann et al.lll986l 119871: 



HerbieHl977t iMalaroda et al 1200 6; Mar tin et al l 1 2005: M athieu et al l 119 97; Mu ndt et al. 1983; R eipurth et al.l 119901 ; 
Sartoretti et ; alJll998tlWalterll986tlWalter et al.lll988t IWhite fc Basrill2003HZaitseva et alill985l .119901) and the median 
radia l velocity of the dense g as based on observations of C 18 0, CS, N 2 H + , a nd H 13 CO + dLee et al.lfl999l: lOnishi et al.l 
I2002t iTatematsu et al|[2004| ). The gas radial velocity for group IX is from lUngerechts fc Thaddeusl (119871). T he gas 
velocities were transformed to the heliocentric frame using the standard solar motion ( Kerr fc Lvnden-Bel]| |l9861 The 
median values of the stellar and gas radial velocities differ by an average of —0.5+0.3 kins" 1 (RV s t ar — RV gas ) and 
agree within 2.5 a for all groups, provid ing further evidence that the stars and gas in Taurus share similar motions 
(e.g.. lHerbigj|1977l ; lHartmann et al.l ll986). Using the median positions, proper motions, and gas radial velocities (ex- 
cept for group VII, where RV star is adopted), we have calculated velocities of the Taurus groups in the directions 
of the Galactic center (U), Galactic ro tation (V), and th e North Galactic Pole (W). Since accurate distances are 
available only for a few individual stars ([Torres et al.ll2009t ), we have adopted a distance of 140 ± 10 pc for each group. 
The uncertainties in each velocity component are ±0.9-1.5 kms -1 with a mean error 1.0 kms -1 . We derive a mean 
velocity for the Taurus complex of U, V,W = — 15.7 + 0.7, —11.3 + 0.7, —10.1 + 0.7 kms -1 , which agrees with the mean 
value from iBertout et a l (2007). Howeve r, the one-dimensiona l velocity dispersions among the groups (~1 kms -1 ) 
are much smaller than those estimated by IBertout et al.l f2007, ^6 kms -1 ), who included a significant population of 
off-cloud sources. The groups appear to have rather coherent motions, suggesting that many of the off-cloud sources 
are unrelated to the Taurus dark clouds. 
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TABLE 1 
Observing Log 



Night 


Date 


Telescope + Instrument 


Disperser 


A 
(^m) 


A/AA 


1 


2006 


Sep 25 


HET + 


LRS 


G3 grism 


0.63-0.91 


1100 


2 


2006 


Oct 2 


HET + 


LRS 


G3 grism 


0.63-0.91 


1100 


3 


2006 


Oct 3 


HET + 


LRS 


G3 grism 


0.63-0.91 


1100 


4 


2006 


Oct 19 


HET + 


LRS 


G3 grism 


0.63-0.91 


1100 


5 


2006 


Oct 20 


HET + 


LRS 


G3 grism 


0.63-0.91 


1100 


6 


2006 


Oct 22 


HET + 


LRS 


G3 grism 


0.63-0.91 


1100 


7 


2006 


Nov 17 


HET + 


LRS 


G3 grism 


0.63-0.91 


1100 


8 


2006 


Nov 26 


HET + 


LRS 


G3 grism 


0.63-0.91 


1100 


9 


2007 


Feb 19 


IRTF 4 


- SpeX 


prism 


0.8-2.5 


100 


10 


2007 


Aug 13 


HET + 


MRS 


79 1/mm grating 


0.45-0.9 


11000 


11 


2007 


Aug 28 


HET + 


LRS 


G3 grism 


0.63-0.91 


1100 


12 


2007 


Sep 15 


HET + 


LRS 


G3 grism 


0.63-0.91 


1100 


13 


2007 


Sep 26 


HET + 


MRS 


79 1/mm grating 


0.45-0.9 


11000 


11 


2007 


Oct 3 


HET + 


MRS 


79 1/mm grating 


0.45-0.9 


11000 


15 


2007 


Oct 10 


HET + 


MRS 


79 1/mm grating 


0.45-0.9 


11000 


16 


2007 


Oct 20 


HET + 


MRS 


79 1/mm grating 


0.45-0.9 


11000 


17 


2007 


Oct 22 


HET + 


LRS 


G3 grism 


0.63-0.91 


1100 


18 


2007 


Oct 23 


HET + 


LRS 


G3 grism 


0.63-0.91 


1100 


19 


2007 


Oct 24 


HET + 


LRS 


G3 grism 


0.63-0.91 


1100 


20 


2007 


Oct 25 


HET + 


LRS 


G3 grism 


0.63-0.91 


1100 


21 


2007 


Oct 26 


HET + 


LRS 


G3 grism 


0.63-0.91 


1100 


22 


2007 


Nov 1 


HET + 


LRS 


G3 grism 


0.63-0.91 


1100 


23 


2007 


Nov 3 


HET + 


LRS 


G3 grism 


0.63-0.91 


1100 


21 


2007 


Nov 3 


HET + 


MRS 


79 1/mm grating 


0.45-0.9 


11000 


25 


2007 


Nov 4 


HET + 


LRS 


G3 grism 


0.63-0.91 


1100 


26 


2007 


Nov 13 


HET + 


LRS 


G3 grism 


0.63-0.91 


1100 


27 


2007 


Nov 15 


HET + 


LRS 


G3 grism 


0.63-0.91 


1100 


28 


2007 


Nov 28 


HET + 


LRS 


G3 grism 


0.63-0.91 


1100 


29 


2007 


Dec 3 


HET + 


LRS 


G3 grism 


0.63-0.91 


1100 


30 


2007 


Dec 3 


IRTF 4 


- SpeX 


prism 


0.8-2.5 


100 


31 


2007 


Dec 14 


HET + 


LRS 


Gl grism 


0.57-1.03 


750 


32 


2007 


Dec 17 


Magellan II 4- LDSS-3 


VPH all grism 


0.58-1.1 


750 


33 


2007 


Dec 18 


Magellan II 4- LDSS-3 


VPH red grism 


0.6-1 


1400 


31 


2007 


Dec 20 


HET + 


MRS 


79 1/mm grating 


0.45-0.9 


11000 


35 


2007 


Dec 23 


HET + 


LRS 


Gl grism 


0.57-1.03 


750 


36 


2008 


Jan 6 


HET + 


LRS 


Gl grism 


0.57-1.03 


750 


37 


2008 


Jan 10 


HET + 


LRS 


Gl grism 


0.57-1.03 


750 


38 


2008 


Jan 13 


HET + 


MRS 


79 1/mm grating 


0.45-0.9 


11000 


39 


2008 


Jan 13 


HET + 


LRS 


Gl grism 


0.57-1.03 


750 


10 


2008 


Jan 15 


HET + 


MRS 


79 1/mm grating 


0.45-0.9 


11000 


11 


2008 


Feb 17 


HET + 


MRS 


79 1/mm grating 


0.45-0.9 


11000 


42 


2008 


Sep 1 


Gemini 


4- GMOS 


400 1/mm grating 


0.56-1 


1500 


43 


2008 


Sep 13 


HET + 


LRS 


G3 grism 


0.63-0.91 


1100 


44 


2008 


Sep 30 


Gemini 


4- NIRI 


f/6 K grism 


1.9-2.5 


500 


45 


2008 


Oct 2 


HET + 


LRS 


G3 grism 


0.63-0.91 


1100 


46 


2008 


Oct 10 


Gemini 


4- NIRI 


f/6 K grism 


1.9-2.5 


500 


47 


2008 


Oct 23 


HET + 


LRS 


G3 grism 


0.63-0.91 


1100 


48 


2008 


Nov 2 


IRTF 4 


- SpeX 


prism 


0.8-2.5 


100 


19 


2009 


Feb 12 


IRTF 4 


- SpeX 


prism 


0.8-2.5 


100 


50 


2009 


Feb 14 


HET + 


LRS 


Gl grism 


0.57-1.03 


750 



Note. — The Gemini d ata were obtained th rough program GN-2008B-Q-21. The data from SpeX ( Rayncr ct al. 2003) were reduced 
with the Spextool package (Cushing ct al. 2004) and corrected for telluric absorption ( Vacca ct al. 2 0031) . 



TABLE 2 

Members of Taurus in Spectroscopic Sample 







Spectral 


T cH c 




Membership 


WxQia) B 


2MASS a 


Other Names 


Type b 


(K) Aj 


(£©) 


Evidence d 


(A) Se 



J04034997+2620382 


XEST 06-006 


M5.25 


3091 





0.012 


NaK,/j 


9±0.5 


X- 


J041447394-2803055 


XEST 20-066 


M5.25 


3091 





0.12 


NaK,^ 


8.5±0.5 


X- 


J041452344-2805598 


XEST 20-071 


M3.25 


3379 


0.78 


0.84 


A v ,NaK,fi 


7.5±0.5 


X- 


J041539164-2818586 




M3.75 


3306 


0.56 


0.27 


ex,NaK,A y 


14±1 


1R 


J041542784-2909597 


IRAS 041254-2902 


Ml. 25 


3669 


0.56 


0.28 


Ay ,ex,^i 


2.3±0.3 


IR 


J041557994-2746175 




M5.5 


3058 





0.049 


NaK,e,ex 


39±1 


IR 


J041810784-2519574 


V409 Tau.IRAS 04151+2512 


Ml. 5 


3632 


1.3 


0.53 


Li,ex,e,/x 


10±1 


IR 


J041935454-2827218 


FR Tau,Haro6-4,XEST 23-076,XEST 24-063 


M5.25 


3091 





0.10 


e,ex,NaK,/i 


67±5 


IR 


J04194657+2712552 


[GKH94] 41 


M7.5±1.5 


2795 


7.6 


0.24 


A v ,ex,K20 




IR 


J04201611+2821325 


M6.5 


2935 





0.0072 


e,ex,NaK 


180±30 


IR 


J042021444-2813491 




Ml±2 


3705 






Ay,e,ex 


>100 


IR 


J042025834-2819237 


IRAS 041734-2812 


mid-M 








e,ex 




IR 


J042026064-2804089 




M3.5 


3342 





0.15 


cx,NaK 


5±0.3 


IR 
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TABLE 2 — Continued 



2MASS a 


Other Names 


Spectral 


T ef r c 
(K) 


4 7 


(Lr,) 


Membership 
Evidence^ 


(A) 


B 
Se 


J04203918- 


r2717317* 


XEST 16-045 


M4.5 


3198 





0.16 


NaK,/x 


8+0.5 


X- 


J04210934- 


-2750368 




M5.25 


3091 





0.079 


cx,NaK 


20+2 


1R 


J04214013- 


r 2814224 


XEST 21-026 


M5.75 


3024 





0.040 


NaK.yu 


7+0.5 


X- 


J04221568- 


r2657060 f 


XEST 11-078, IRAS 04192+2650 


Ml 


3705 


0.28 




Ay ,e,ex,/j, 


14+1 


X- 


J04222404- 


r 2646258 f 


YPST 1 1 087 

j\1_jO i- 11 UO 1 


M4.75 


3161 


0.31 


0.12 


A,. TVfaK 

t 1 W , IN cLAY 


7.5+1 


X- 


J04233539- 


-2503026 


FTI Tan A 


M7.25 


2838 


0.56 


0.19 


l., A. . 1 1 2, ; CLX Y , G , LL 


93+7 


1R 


J04233573+2502596 


FU Tau B 


M9.25 


2350 





0.0025 


NaK ex e 


~70 


1R 


J04293209+2430597S 




? 








cx 




1R 


J04315968- 


-1821305 


LkHa 267 


Ml. 5+0.5 


3632 


1.4 


0.14 


j4^,e,ex 




1R 


J04322415- 


L 2251083 




M4.5 


3198 


0.49 


0.090 


A v ,NaK,ex 


14+1 


1R 


J04324938- 


r2253082 




M4.25 


3234 


0.87 


0.21 


^^jex^aK 


18.5+1 


1R 


J04325119- 


-1730092 


LH 0429+17 


M8.25 


2632 





0.0033 


H 2 0,NaK,^ 


17+10 


els 


J04332621- 


-2245293 


XEST 17-036 


M4 


3270 


1.1 


0.14 


NaK,Av 


6+1 


X- 


J04333905- 


^2227207 




Ml. 75 


3596 


0.35 




Ay,e,ex 


23+1 


1R 


J04334171- 


^1750402 




M4+0.5 


3270 


0.08 


0.088 


A v ,eyL,K' 2 




1R 


J04334465- 


r 2615005 




M4.75 


3161 


0.85 


0.12 


e,ex,NaK,Av 


55+7 


1R 


J04335252- 


-2256269 f 


XEST 17-059 


M5.75 


3024 





0.19 


NaK.^t 


17+1 


X- 


J04345693- 


r2258358 f 


XEST 08-003 


Ml. 5 


3632 


0.54 


0.34 


Li, fi 


2+0.2 


X- 


J04354203- 


r2252226 f 


XEST 08-033.XEST 09-023 


M4.75 


3161 


0.49 


0.12 


A v ,NaK,/i 


14+1 


X- 


J04354733- 


^2250216 


HQ Tau,IRAS 04327+2244.XEST 09-026.XEST 08-037 


K2+2 


4900 


1.2 


4.6 


Li,ex,/i 


2+0.4 


1R 


J04355209- 


L 2255039 f 


XEST 08-047 


M4.5 


3198 


0.56 


0.13 


A^jNaK,^ 


6+0.5 


X- 


J04355286- 


L 2250585 f 


XEST 08-049.XEST 09-033 


M4.25 


3234 


0.35 


0.14 


NaK,e,/j 


25.5+1 


X- 


J04355892- 


r 2238353 f 


XEST 09-042 


MO 


3850 


0.11 


0.71 


Li, /i 


1.4+0.1 


X- 


J04373705- 


r 2331080 




LO+0.5 


2200 





0.0003 


NaK 


>50 


1R 


J04414565- 


-2301580 




M4.5+0.5 


3198 


0.11 


0.14 


H 2 




CO 


J04455134- 


rl555367 


IRAS 04429+1550 


M2.5+0.5 


3488 


0.42 


0.32 


Li,Av,ex 




1R 


J04554820- 


r3030160 


XEST 26-052 


M4.5 


3198 





0.045 


NaK,/i 


6+0.5 


X- 


J04555605- 


r3036209 f 


JH433.XEST 26-062 


M4 


3270 


0.53 


0.28 


Li,e,ex 


17+2 


X- 


J04560118- 


-3026348 


XEST 26-071 


M3.5+0.5 


3342 


0.39 


0.11 


Ay ,ex,^i 




1R 



2MASS Point Source Catalog. 
^ Uncertainties arc ±0.25 subclass unless noted otherwise. 
C Temperature scale from lLuhman et a l. (2003b). 

^ Membership in Taurus is indicated by Av ^ 1 and a position above the main sequence for the distance of Taurus ("Ay"), strong emission lines 
("e"), Na I and K I strengths intermediate between those of dwarfs and giants ("NaK"), strong Li absorption ("Li"), IR excess emission ("ex"), 
the shape of the gravity-sensitive steam bands ("H2O"), or a proper motion that is similar to that of the known members of Taurus ("/i"). 

Sources were selected for spectroscopy because they were candidate companions to known Taurus members ("comp", iKraus &: Hillenbrand|2007l) 
or they were identified as candidate members with XMM-Newton ("X-ray", Scclsi et al. 2007) or Spitzer ("IR", this work). Spectroscopy was also 
performed on a previously known member to obtain a new spectral classification ("classify", Rcid & Hawlcy 1999). 
^ Independently confirmed as a member through spectroscopy by lScelsi et alj ||2008|) . 

Membership is uncertain because of the absence of spectroscopic evidence of youth. 



TABLE 3 

N ON MEMBERS IN SPECTROSCOPIC SAMPLE 





ID a 






Other Names 


Spectral 
Type 


Basis of 
Selection 13 


Night 


2MASS 


J04042449h 


-2611119 


XEST 


06-041 


M2.5V 


X-ray 


20 


2MASS 


J04124858- 


-2749563 






K0-K4 


IR 


19 


2MASS 


J04141588H 


-2818181 


XEST 


20-045 


<M4 


X-ray 


30 


2MASS 


J04144294-, 


-2821105 


XEST 


20-063 


<M4 


X-ray 


30 


2MASS 


J04164774H 


-2408242 






<M0 


IR 


18 


2MASS 


J0417071H 


-2408041 






galaxy 


IR 


19 


2MASS 


J04180338n 


-2440096 






early A 


IR 


49 


2MASS 


J04180674J 


-2904015 






<M0 


IR 


18 


2MASS 


J04182321- 


-2519280 






galaxy 


IR 


17 


2MASS 


J04190125H 


-2837101 


XEST 


23-062 


giant 


X-ray 


22 


2MASS 


J04190689n 


-2826090 


XEST 


23-065,XEST 24-057 


<M4 


X-ray 


30 


2MASS 


J04191612J 


-2750481 






galaxy 


IR 


3 


2MASS 


J04214372h 


-2647225 


XEST 


11-035 


<M0 


X-ray 


16 


2MASS 


J04221295H 


-2546598 






galaxy 


IR 


30 


2MASS 


J04221918H 


-2348005 






galaxy 


IR 


12 


2MASS 


J04222559- 


-2812332 


XEST 


21-059 


<M0 


X-ray 


16 


2MASS 


J04222718H 


-2659512 


XEST 


11-088 


M3.25V 


X-ray 


23 


2MASS 


J04223441- 


-2457186 






galaxy 


IR 


23 


2MASS 


J04224865- 


-2823005 


XEST 


21-073 


M4V 


X-ray 


26 


2MASS 


J04263497-, 


-2608161 


XEST 


02-005 


galaxy 


X-ray 


39 


2MASS 


J04275871+2611062 


XEST 


02-069 


<M0 


X-ray 


10 


2MASS 


J04285844- 


-2436492 


XEST 


13-002 


M0 


X-ray 


47 


2MASS 


J04292083n 


-2742074 


IRAS 


34262+2735 


M5III 


IR 


4 
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Spectral 


Basis of 




ID a 


Other Names 


Type 


Selection^ 


Night 


2MASS J04292887+2616483 c 




giant 


comp 


48 


2MASS J04293623+2634238 


LP358-731.XEST 15-034 


M4.25V 


X-ray 


22 


2MASS J04301702+2622264 


LP358-352,XEST 15-075 


M4.5V 


X-ray 


29 


2MASS J04302526+2602566 


XEST 14-034 


M0.5V 


X-ray 


43 


2MASS J04302710+2807073 


IRAS 04273+2800 


galaxy 


IR 


3 


2MASS J04304153+2430416 


XEST 13-036 


<M0 


X-ray 


16 


2MASS J04314419+2813170 




galaxy 


IR 


8 


2MASS J04314634+2558404 


XEST 19-002 


giant? 


X-ray 


17 


2MASS J04315860+1818408 


XEST 22-071 


<M0 


X-ray 


41 


2MASS J04322689+1818230 


XEST 22-111 


M2.25V 


X-ray 


20 


2MASS J04322946+1814002 


XEST 22-114 


galaxy 


X-ray 


20 


IRAC J04323521+2420213 


XEST 03-026.XEST 04-001 


galaxy 


IR 


44 


2MASS J04323605+2552225 


XEST 19-041 


giant 


X-ray 


28 


2MASS J04323949+2427043 


XEST 03-028 


<M4 


X-ray 


30 


2MASS J04325921+2430403 


XEST 03-033.XEST 04-005 


galaxy 


X-ray 


28 


2MASS J04332491+2559262 


XEST 19-083 


giant 


X-ray 


23 


2MASS J04333301+2252521 


XEST 17-043 


M4.5V 


X-ray 


36 


2MASS J04333746+2609550 




<M4 


comp 


30 


2MASS J04335562+2425016 


XEST 04-060 


<M0 


X-ray 


34 


2MASS J04341498+2826124 




giant 


IR 


5 


2MASS J04343322+2602403 


JH87,XEST 18-059 


<M0 


X-ray 


38 


2MASS J04345164+2404426 


XEST 12-012 


M3.5V 


X-ray 


35 


2MASS J04345973+2807017 




M7V? 


IR 


9 


2MASS J04351316+2259205 


EZ Tau,LP358-739,XEST 08-014 


M4.75V 


X-ray 


22 


2MASS J04353651+2304590 


XEST 08-027 


M3.25V 


X-ray 


45 


2MASS J04354076+2411211 




<M4 


comp 


30 


2MASS J04400363+2553547 


[GKH94] 6,XEST 05-027 


giant 


X-ray 


19 


2MASS J04403912+2540024 


XEST 07-005 


M4.5V 


X-ray 


37 


IRAC J04412575+2543492 


XEST 07-032 


galaxy 


IR 


46 


2MASS J04415577+2302532 




galaxy 


IR 


30 


2MASS J04420376+2519533 


XEST 10-016 


giant? 


X-ray 


25 


2MASS J04455482+2408435 


IRAS 04428+2403 


galaxy 


IR 


1 


2MASS J04455704+2440423 




giant 


IR 


2 


2MASS J04553844+3031465 


JH427,XEST 26-031 


<M0 


X-ray 


15 


2MASS J04562935+3036115 


XEST 26-135 


<M0 


X-ray 


17 



Sources that are not in the 2MASS Point Source Catalog have been assigned coordinate-based identifications using IRAC images. 
Sources were selected for spectroscopy because they were candidate companions to known Taurus members ("comp'', Kraus & Hillenbrand 2007) 
or they were identified as candidate members with XMM-Newton ("X-ray", Scclsi ct al. 2007) or Spitzer ("IR", this work). 

C Mistakenly identified as FW Tau B by Hartmann ct al. (2005b). White & Ghcz (2001) classified it as a probable background star based on the 
presence of Ha absorption. 



TABLE 4 
Measurements of Li Absorption 





W x 


Name 


(A) 


HQ Tau 


0.4+0.05 


XEST 09-042 


0.55+0.05 


XEST 08-003 


0.6+0.05 


V409 Tau 


0.6+0.1 


XEST 26-062 


0.47+0.05 



TABLE 5 
IRAC Photometry for Nonmembers 





ID 


[3.6] 


[4.5] 




[5.8] 


[8.0] 


Date 


2MASS 


J04124858+2749563 


11.40+0.02 


10.87+0. 


.02 


10.32+0.03 


9.14+0.03 


2007 


Mar 29 


2MASS 


J04141588+2818181 


12.36+0.02 


12.11+0. 


.02 


12.13+0.04 


12.10+0.04 


2005 


Feb 19 






12.21+0.02 


12.07+0. 


.02 


12.10+0.04 


12.00+0.04 


2007 


Mar 29 


2MASS 


J04144294+2821105 


11.75+0.02 


11.62+0 


.02 


11.54+0.03 


11.56+0.04 


2005 


Feb 19 






11.70+0.02 


11.77+0. 


.02 


11.49+0.03 


11.46+0.04 


2007 


Mar 29 


2MASS 


J04164774+2408242 


13.84+0.03 


13.36+0. 


.03 


13.12+0.05 


12.26+0.04 


2007 


Mar 30 


2MASS 


J04170711+2408041 


13.93+0.03 


13.72+0. 


.03 


13.53+0.06 


12.63+0.06 


2007 


Mar 30 


2MASS 


J04180338+2440096 


10.04+0.02 


10.03+0 


.02 


10.03+0.03 


9.83+0.03 


2007 


Mar 30 


2MASS 


J04180674+2904015 


13.74+0.03 


13.48+0 


.03 


13.51+0.06 


12.61+0.06 


2007 


Mar 29 


2MASS 


J04182321+2519280 


11.76+0.02 


11.06+0 


.02 


10.45+0.03 


9.62+0.03 


2007 


Mar 30 


2MASS 


J04190125+2837101 


out 


10.69+0 


.02 


out 


10.65+0.03 


2005 


Feb 19 



14 
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ID 



2MASS J04190689+2826090 

2MASS J04191612+2750481 
2MASS J04214372+2647225 
2MASS J04221295+2546598 

2MASS J04221918+2348005 
2MASS J04222559+2812332 
2MASS J04222718+2659512 
2MASS J04223441+2457186 
2MASS J04224865+2823005 
2MASS J04263497+2608161 
2MASS J04275871+2611062 

2MASS J04285844+2436492 
2MASS J04292083+2742074 
2MASS J04292887+2616483 



2MASS J04293623+2634238 

2MASS J04301702+2622264 
2MASS J04302526+2602566 
2MASS J04302710+2807073 
2MASS J04304153+2430416 
2MASS J04314419+2813170 

2MASS J04314634+2558404 
2MASS J04315860+1818408 
2MASS J04322689+1818230 

2MASS J04322946+1814002 
IRAC J04323521+2420213 



2MASS J04323605+2552225 
2MASS J04323949+2427043 

2MASS J04325921+2430403 



[3.6] 



[4.5] 



[5.8] 



[8.0] 



Date 



2MASS 
2MASS 



J04332491+2559262 
J04333301+2252521 



2MASS J04333746+2609550 

2MASS J04335562+2425016 
2MASS J04341498+2826124 
2MASS J04343322+2602403 
2MASS J04345164+2404426 

2MASS J04345973+2807017 

2MASS J04351316+2259205 

2MASS J04353651+2304590 
2MASS J04354076+2411211 

2MASS J04400363+2553547 

2MASS J04403912+2540024 
IRAC J04412575+2543492 

2MASS J04415577+2302532 
2MASS J04420376+2519533 
2MASS J04455482+2408435 
2MASS J04455704+2440423 
2MASS J04553844+3031465 



10.68±0.02 

12.52±0.02 

12.55±0.02 

11.84±0.02 

8.81±0.02 

12.60±0.02 

12.54±0.02 

14.08±0.03 

8.54±0.02 

13.92±0.02 

14.77±0.03 

13.17±0.02 

13.09±0.02 

9.77±0.02 

9.80±0.02 

10.63±0.02 

6.66±0.02 

9.22±0.02 

9.21±0.02 

9.22±0.02 

out 

10.38±0.02 

10.63±0.02 

10.04±0.02 

10.82±0.02 

9.20±0.02 

14.04±0.03 

13.96±0.03 

12.12±0.02 

9.10±0.02 

11.46±0.02 

11.47±0.02 

12.68±0.02 

13.58±0.03 

13.54±0.02 

13.55±0.03 

13.84±0.02 

13.89±0.02 

11.94±0.02 

11.97±0.02 

11.93±0.02 

14.00±0.02 

13.98±0.03 

13.08±0.02 

14.07±0.03 

13.98±0.02 

12.82±0.04 

12.78±0.03 

8.78±0.02 

13.83±0.02 

10.06±0.02 

11.63±0.02 

11.64±0.02 

14.34±0.03 

14.21±0.03 

out 

9.91±0.02 
9.95±0.02 
14.52±0.03 
out 

12.59±0.03 

12.60±0.03 

12.52±0.02 

7.55±0.02 

7.54±0.02 

13.64±0.02 

13.73±0.02 

13.76±0.02 

12.86±0.02 

13.22±0.02 

12.16±0.02 

13.03±0.02 

10.03±0.02 

10.06±0.02 



10.67±0.02 

12.42±0.02 

12.43±0.02 

11.15±0.02 

8.85±0.02 

11.81±0.02 

11.80±0.02 

13.59±0.03 

8.54±0.02 

13.75±0.03 

14.13±0.03 

13.07±0.02 

12.55±0.02 

out 

9.85±0.02 

10.54±0.02 

6.52±0.02 

9.21±0.02 

9.24±0.02 

9.15±0.02 

10.30±0.02 

10.33±0.02 

10.57±0.02 

10.01±0.02 

9.68±0.02 

9.21±0.02 

13.92±0.03 

13.87±0.03 

12.12±0.02 

9.09±0.02 

11.45±0.02 

out 

12.54±0.02 
12.56±0.02 
12.54±0.02 
12.65±0.03 
13.80±0.03 
13.80±0.02 
11.86±0.02 
11.82±0.02 
11.80±0.02 
out 

13.74±0.03 
13.01±0.02 
out 

14.02±0.03 

12.63±0.08 

12.71±0.05 

8.83±0.02 

13.75±0.03 

10.03±0.02 

11.54±0.02 

11.55±0.02 

13.95±0.03 

13.91±0.03 

9.91±0.02 

out 

9.90±0.02 

14.39±0.03 

14.40±0.04 

12.34±0.04 

12.29±0.05 

12.26±0.04 

out 

7.42±0.02 

13.51±0.03 

12.39±0.02 

12.38±0.02 

12.24±0.02 

13.16±0.02 

11.46±0.02 

12.91±0.02 

10.09±0.02 

out 



10.68±0.03 

12.38±0.04 

12.39±0.04 

10.48±0.03 

8.77±0.03 

11.16±0.03 

11.17±0.03 

13.42±0.06 

8.55±0.03 

13.77±0.07 

13.64±0.06 

13.03±0.05 

11.66±0.03 

9.71±0.03 

9.84±0.03 

10.47±0.03 

6.18±0.03 

9.12±0.03 

9.10±0.03 

9.15±0.03 

out 

10.26±0.03 

10.58±0.03 

10.04±0.03 

8.70±0.03 

9.17±0.03 

13.97±0.07 

13.71±0.08 

12.07±0.04 

9.14±0.03 

11.51±0.03 

11.38±0.03 

12.17±0.04 

11.73±0.03 

11.69±0.04 

11.72±0.04 

13.74±0.07 

13.84±0.06 

11.76±0.03 

11.68±0.03 

11.77±0.03 

13.54±0.05 

13.44±0.06 

13.10±0.05 

13.81±0.07 

14.17±0.10 

12.58±0.05 

12.61±0.05 

8.85±0.03 

13.73±0.06 

9.97±0.03 

11.50±0.03 

11.58±0.03 

13.71±0.06 

13.79±0.07 

out 

9.84±0.03 
9.86±0.03 
14.55±0.12 
out 



7.33±0.03 

7.39±0.03 

13.49±0.06 

11.22±0.03 

11.21±0.03 

11.64±0.03 

13.17±0.05 

10.44±0.03 

12.63±0.04 

10.00±0.03 

10.02±0.03 



10.65±0.03 

12.31±0.04 

12.25±0.04 

9.39±0.03 

8.77±0.03 

10.37±0.03 

10.32±0.03 

12.25±0.05 

8.50±0.03 

12.87±0.06 
13.23±0.07 
9.63±0.03 
out 

9.75±0.03 

10.47±0.03 

4.98±0.03 

9.08±0.03 

9.12±0.03 

9.07±0.03 

10.23±0.03 

10.27±0.03 

10.52±0.03 

9.97±0.03 

7.61±0.03 

9.19±0.03 

12.83±0.06 

12.88±0.06 

12.06±0.03 

9.03±0.03 

11.36±0.03 

out 

10.90±0.03 
10.76±0.03 
10.77±0.03 
10.80±0.03 
13.52±0.09 
13.48±0.07 
11.77±0.03 
11.71±0.04 
11.69±0.03 
out 

11.36±0.04 
12.98±0.05 
out 



8.76±0.03 

13.11±0.06 

10.01±0.03 

11.49±0.03 

11.52±0.03 

13.15±0.1 

13.04±0.1 

9.84±0.03 

out 

9.84±0.03 



out 

7.34±0.03 

13.54±0.09 

10.22±0.03 

10.25±0.03 

10.40±0.03 

12.99±0.06 

8.67±0.03 

12.08±0.04 

10.04±0.03 

out 



2007 
2005 
2005 
2005 
2007 
2006 
2007 
2007 
2005 
2007 
2007 
2005 
2005 
2004 
2005 
2005 
2005 
2004 
2005 
2006 
2004 
2005 
2005 
2005 
2005 
2005 
2005 
2005 
2005 
2004 
2004 
2005 
2004 
2004 
2005 
2005 
2004 
2005 
2004 
2005 
2006 
2004 
2005 
2005 
2005 
2007 
2004 
2005 
2005 
2005 
2005 
2006 
2007 
2005 
2007 
2005 
2005 
2007 
2005 
2007 
2005 
2005 
2006 
2004 
2005 
2007 
2004 
2005 
2007 
2005 
2007 
2005 
2004 
2005 



Mar 29 
Feb 19 
Feb 21 
Feb 21 
Oct 17 
Sep 28 
Mar 30 
Mar 30 
Feb 21 
Oct 17 
Mar 30 
Feb 21 
Feb 22 
Mar 07 
Feb 22 
Feb 20 
Feb 24 
Mar 07 
Feb 24 
Mar 25 
Mar 07 
Feb 24 
Feb 24 
Feb 24 
Feb 24 
Feb 24 
Feb 20 
Feb 24 
Feb 24 
Oct 07 
Oct 07 
Feb 19 
Oct 07 
Oct 07 
Feb 20 
Feb 24 
Mar 07 
Feb 24 
Oct 07 
Feb 24 
Mar 26 
Oct 07 
Feb 24 
Feb 24 
Feb 24 
Apr 03 
Mar 07 
Feb 24 
Feb 24 
Feb 20 
Feb 22 
Mar 25 
Oct 16 
Feb 20 
Oct 16 
Feb 20 
Feb 24 
Apr 03 
Feb 21 
Apr 03 
Feb 20 
Feb 21 
Mar 25 
Mar 07 
Feb 22 
Oct 16 
Oct 08 
Feb 23 
Mar 28 
Feb 23 
Oct 16 
Feb 24 
Feb 14 
Feb 20 
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ID [3.6] [4.5] [5.8] [8.0] Date 



Note. — Entries of "■ ■ •" and "out" indicate measurements that are absent because of non-detection and a position outside the field of view of 
the camera, respectively. 



TABLE 6 

MIPS 24 £im Photometry for Nonmembers 











Date 


2MASS 


J04124858+2749563 


6.46±0. 


.04 


2007 


Feb 27 


2MASS 


J04164774+2408242 


8.98±0. 


.11 


2007 


Feb 26 


2MASS 


J04180338+2440096 


7.20±0. 


.05 


2007 


Feb 23 


2MASS 


J04182321+2519280 


6.17±0. 


.01 


2007 


Feb 23 


2MASS 


J04191612+2750481 


5.25±0. 


.01 


2005 


Feb 28 






5.28±0. 


.04 


2007 


Oct 28 


2MASS 


J042 14372+2647225 


8.47±0. 


.11 


2007 


Feb 28 






8.99±0. 


.10 


2007 


Oct 28 


2MASS 


J04221295+2546598 


7.25±0. 


.04 


2004 


Sep 25 






7.20±0. 


.05 


2007 


Feb 28 


2MASS 


J04221918+2348005 


8.67±0. 


.18 


2007 


Feb 28 


2MASS 


J04222559+2812332 


8.39±0. 


.09 


2005 


Feb 27 


2MASS 


J04263497+2608161 


5.34±0. 


.01 


2005 


Feb 28 






5.38±0. 


.01 


2005 


Mar 01 


2MASS 


J04292083+2742074 


3.05±0. 


.04 


2005 


Mar 02 


2MASS 


J04302710+2807073 


3.68±0. 


.01 


2005 


Mar 01 


2MASS 


J04304153+2430416 


8.90±0. 


.10 


2005 


Feb 26 






8.85±0. 


.12 


2005 


Mar 02 


2MASS 


J04315860+1818408 


8.89±0. 


.14 


2004 


Feb 20 






9.10±0. 


.08 


2004 


Sep 25 






9.15±0. 


.13 


2006 


Feb 19 


2MASS 


J04322946+1814002 


7.38±0. 


.05 


2004 


Feb 20 






7.40±0. 


.01 


2004 


Sep 25 






7.42±0. 


.01 


2006 


Feb 19 


IRAC J04323521+2420213 


7.06±0. 


.05 


2004 


Sep 25 






7.07±0. 


.05 


2005 


Mar 01 






7.10±0. 


.05 


2007 


Sep 23 


2MASS J04325921+2430403 


8.30±0. 


.09 


2004 


Sep 25 






8.49±0. 


.16 


2005 


Feb 26 






8.81±0. 


.22 


2005 


Mar 02 






8.59±0. 


.07 


2007 


Sep 24 


2MASS J04335562+2425016 


8.40±0. 


.08 


2005 


Mar 01 


2MASS J04400363+2553547 


7.33±0. 


.05 


2005 


Mar 04 


IRAC J04412575+2543492 


6.51±0. 


.01 


2004 


Sep 25 






6.63±0. 


.04 


2005 


Feb 26 






6.71±0. 


.05 


2005 


Feb 28 






6.52±0. 


.04 


2007 


Sep 25 


2MASS J04455482+2408435 


5.00±0. 


.01 


2005 


Feb 28 



TABLE 7 

IRAC Photometry for Young Cool Field Dwarfs 





Spectral 












ID 


Type a 


[3.6] 


[4.5] 


[5.8] 


[8.0] 


Date 



2MASS J00332386-1521309 L4 12.54±0.02 12.48±0.02 12.21±0.03 12.04±0.03 2007 Aug 10 

2MASS J01415823-4633574 L0 12.36±0.02 12.17±0.02 11.95±0.03 11.68±0.03 2006 Aug 12 

2MASS J02411151-0326587 L0 13.39±0.02 13.24±0.02 13.04±0.03 12.77±0.03 2007 Sep 12 

2MASSI J0253597+320637 M7 12.17±0.02 12.12±0.02 12.12±0.03 12.01±0.03 2007 Sep 7 

2MASS J03231002-4631237 L0 12.84±0.02 12.68±0.02 12.48±0.03 12.16±0.03 2007 Aug 10 

2MASS J03572695-4417305 L0 12.21±0.02 12.08±0.02 11.86±0.03 11.65±0.03 2007 Aug 10 

SDSS J044337.61+000205.1 M9 10.55±0.02 10.45±0.02 10.35±0.03 10.22±0.03 2007 Oct 16 

2MASS J05012406-0010452 L4 11.77±0.02 11.52±0.02 11.22±0.03 11.03±0.03 2008 Mar 9 

2MASSI J0608528-275358 M8.5 11.75±0.02 11.62±0.02 11.52±0.03 11.44±0.03 2007 Oct 16 

2MASSI J1615425+495321 L4 12.91±0.02 12.61±0.02 12.28±0.03 12.15±0.03 2007 Jul 2 

2MASSI J1726000+153819 L3 12.76±0.02 12.64±0.02 12.41±0.03 12.20±0.03 2007 Sep 7 

2MASSW J2208136+292121 L3 13.08±0.02 12.89±0.02 12.62±0.03 12.33±0.03 2007 Jul 3 

2MASS J22134491-2136079 L0 12.99±0.02 12.83±0.02 12.58±0.03 12.37±0.03 2007 Jun 29 



a IKirkpatrick et all ( 120061 . 1200^1 and lCruz et all ( 120071 . 12003T) . 
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TABLE 8 

Median Positions, Proper Motions, and Velocities of Taurus Groups 



Group a 


a(J2000) 


<5(J2000) 


// b 


W b 


N„ c 




RVgas d 


U e 


V e 


W e 


Cloud 


I 


4 14 26 


2o 12 UU 


+6.9 


—22.3 


63 


12 .3 + 2 b 


15.5 


—15 


— 11 


— 11 


B209 


TT 


4 iy z4 


oq on on 
Zo 21) Zv 


+O.U 


— zD.o 


1U1 


i a n -L n ft 
14. y ± U.D 


i c f: 
10. D 


— 10 


1 Q 

— lo 


— lo 


T 1 A Ci^T? 
L/14yOH/ 


111 


4 40 55 


25 40 50 


+4.5 


-21.3 


57 


16.3 + 1.0 


15.9 


-15 


-11 


-10 


L1527 


IV 


4 32 36 


24 21 40 


+5.5 


-21.9 


79 


16.8 + 0.7 


16.6 


-15 


-12 


-11 


L1529 


V 


4 35 55 


22 52 50 


+6.7 


-17.7 


88 


15.7 + 1.5 


16.4 


-15 


-11 


-9 


L1536 


VI 


4 32 22 


18 10 50 


+10.0 


-17.6 


87 


17.9 + 0.3 


18.5 


-17 


-13 


-8 


L1551 


VII 


4 21 58 


19 32 20 


+12.2 


-12.7 


12 


17.6 + 1.0 




-17 


-11 


-6 


NGC1554 


VIII 


4 28 41 


26 19 10 


+8.6 


-22.0 


111 


14.9 + 0.6 


16.4 


-16 


-13 


-10 


B217 


IX 


4 47 00 


17 00 40 


+3.2 


-16.1 


12 


22.5 + 1.1 


20.6 


-18 


-11 


-11 


L1558 


X 


4 55 29 


30 30 40 


+3.9 


-23.4 


52 


14.8 + 0.5 


14.9 


-15 


-12 


-10 


L1517 


XI 


5 06 00 


24 58 10 


+0.9 


-17.6 


24 


16.8 + 3.8 


17.9 


-17 


-9 


-9 


L1544 


all of Taurus 


4 32 10 


25 51 40 


+6.1 


-21.0 


757 


16.3 + 0.3 


16.4 


-16 


-11 


-10 





Note. — Proper motions (fi a , fJ>§) and velocities (RV, U, V, W) have units of mas yr 1 and kms 1 , respectively. 
a Group names I through VI are from [Gomez et al ] lfT993h . We have defined the designations for the remaining groups. 

Uncertainties in the median fi a and fis values for each group are ~1 mas yr -1 for groups I, II, IV, VI, VIII, X, and XI, and ^2 mas 
groups III, V, VII, and IX. 

C Number of proper motion measurements included in the calculation of the median motion. 

^ Heliocentric velocities. 

C Galactic Cartesian velocities. 
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Fig. 1. — Spatial distribution of previously known members of the Taurus star-forming region (small circles) and new objects that we have 
confirmed as mem bers through spectroscopy (crosses). The latter were identified as possible memb ers with the XMM-Newton Observatory 
(Scclsi ct ah 2007), the Spitzer Space Telescope (this work), and a companion survey with 2MASS (Kraus & Hillenbrand 2007). The fields 
imaged with XMM -Newton are indicated (large circles). The dark clouds in Taurus are displayed with a map of extinction (grayscale, 
IDobashi etaLirSOOll) . 
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Fig. 2. — Optical spe ctrum of the new Tau r us member 2MA SS J04373705+2331080 compared to data for th e young LP dwarf 
2MA SS 01415823-4633574 (Kirkpatrick ct al. 2006; Cruz et al.H2009l) and the LP standard 2MASS J03454316+2540233 (Kirkpatri ck et al.1 
1999). The proper motion of 2MASS P1415823-4633574 from lFahertv ct al. (2009) is consistent with membership in the Tucana-Horologium 
association, which has an age of ~ 30 Myr (Torres ct al. 2000; Zuckcrman & Song 2004). The data are displayed at a resolution of 13 A 
and are normalized at 7500 A. 
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7000 8000 9000 7000 8000 9000 



MA) 

Fig. 3. — Optical spectra of new members of Taurus. The spectra have been corrected for extinction, which is quantified in parentheses 
by the magnitude difference of the reddening between 0.6 and 0.9 /im (E(0.6 — 0.9)). The data are displayed at a resolution of 13 A and 
are normalized at 7500 A. 



20 



Luhman et al. 




7000 8000 9000 7000 8000 9000 

MA) 

Fig , 4. — More optical spectra of new members of Taurus (see Fig. [3) and the previously known member LH 0429+17 (Rcid & Hawlcv 
[1999(1 . 
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Fig. 5. — SpeX near-IR spectra of new members of Taurus and the previously known member LH 0429+17 (Rcid & Hawlcv 1999). 
FU Tau A and LH 0429+17 are labeled with spectral types measured from the optical spectra in Figure [4] The remaining sources have 
been classified with these IR data. Most of the spectra have been dereddened to match the slopes of the young optical standards. For the 
first two sources, we show the observed data without dereddening because their classifications are uncertain. These data have a resolution 
of R = 100 and are normalized at 1.68 ^m. 



22 



Luhman et al. 




Fig. 6. — High-resolution spectra of Ha and Li I for new members of Taurus. The data have a resolution of 0.7 A and are normalized 
to the continuum near the Li I line. 
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Fig. 7. — H-R diagram for previously known members of Taurus (top) and new members discovered by Scclsi ct al. (2007, 2008) and in 
this work (bottom). We have omitted companions that are unresolved by 2MASS and stars that appear on or below th e m ain sequence. 
The anomalously low luminosity estimates for several of those stars are k nown to result from edge -on disks (e.g., Figure I10|l . These data 
are shown with the theoretical evolutionary models of Baraffe ct al. (1998) (0.1 < M/M < 1) and Cha brier et al.l {2000) (M/Mq < 0.1), 
where the mass tracks (dotted lines) and isochrones (solid lines) are labeled in units of Mq and Myr, respectively. 
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Fig. 8. — Spectral types versus mid-IR colors for late-type members of Taurus (filled circles, r ~ 1 Myr) and young field dwarfs 
(open circles, r < 100 Myr). The blue sequence in each color represents stellar photospheres while the redder objects are likely to have 
circumstellar disks. The new L0 member of Taurus (large filled circl e) does not exhibit significant color excesses relative to young L-type 
members of the field HKirkpatrick et al . 2006, 2008; C ruz et al.ll2009T) . 
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Fig. 9. — Two notable SEDs among the new members of Taurus (filled circles and solid line) compared to SEDs of young stellar 
photospheres with similar spectral types (open circles and dotted line). 2MASS J04194657+2712552 has the highest extinction of any 
known late-type member of Taurus and exhibits a flat mid-IR SED, suggesting that it may have a protostellar envelope. IRAS 04125+2902 
shows excess emission at 24 fim but not at A < 8 fxra, which is a signature of a disk with an inner hole. Each photospheric SED has been 
reddened by the extinction of the Taurus source and scaled to its .ff-band flux. 



Infrared/X-ray Survey of Taurus 



25 



2006 Aug 26 




Fig. 10.— /-band CFHT images of the new Taurus member 2MASS J04202144+2813491 (10" X 10"). These data exhibit bipolar 
extended emission separated by a dark lane, indicating the presence of an edge-on circumstellar disk that is occulting the star. The 
brightness of the eastern lobe of scattered light varied significantly between these two dates. Point sources in the surrounding areas of these 
images exhibit FWHM= Of.' 7 (left) and Of.' 5 (right). 




Fig. 11. — Distributions of spectral types for known members of Taurus that are within the XEST fields as a function of SED class. 
The stars that were detected by X MM are indicated (shaded histograms). 
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Fig. 12.— IMFs for Taurus, IC 348 IILuhman et alj I2003bt) . and Chamaeleon I lILuhmanl l2007h . The IMF for Taurus is derived 
from members within the XEST fields (Figure [TJ. These IMFs contain 157, 194, and 85 sources, respectively. The Ta urus IMF differs 
significantly from the mass functions in the other two regions f§[5"jl. We also include the IMF of the r\ Cha association (Mamai ek et alj 
[19991; ILawson et all 120021; ILvo et ail 120041 ; ISong et ail 120041 ILuhman fc Steeghsl [2004T) . Although ILvo et ail (I2004T) reported that r) Cha 
exhibits a deficit of low-mass stars and brown dwarfs relative to other clusters, its mass function is statistically consistent with the IMFs 
of IC 348 and Chamaeleon I IILuhman 2004b, §(5j. The completeness limits of these samples are indicated {dashed lines). In the units of 
this diagram, the Salpeter slope is 1.35. 
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Fig. 13. — D istr ibutions of spectral types for all known members of Taurus and for the IMFs of Taurus, IC 348, Chamaeleon I, and 
r\ Cha in Figure [121 The completeness limits of the IMF samples in Taurus, IC 348, and Chamaeleon I are indicated (dashed lines). The 
limit for n Cha is near M9. 
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Fig. 14. — Spatial distribution of all known members of the Taurus star-forming region, which are labeled according to the presence or 
absence of proper motion measurements (crosses and circles). The median proper motions of members within 11 groups (rectangles) are 
presented in Table[8] The correspon ding motions over a period of 0.2 Myr are indicated (arrows). The dark clouds in Taurus are displayed 
with a map of extinction (grayscale, [Dobashi et al. 2 0051) . 



